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Objective: Endovascular repair of blunt traumatic thoracic aortic injuries (BTAI) has become routine at many trauma
centers despite concerns regarding durability and aortic dilatation in these predominantly young patients. These concerns
prompted this examination of thoracic aortic expansion after endovascular repair of a BTAI.
Methods: The immediate postoperative and most recent computed tomography (CT) scans of patients who had undergone
urgent endovascular repair of a BTAI and had at least 1 year of follow-up were reviewed. Diameter measurements were
made at four predetermined sites: immediately proximal to the left subclavian artery (D1), immediately distal to the left
subclavian artery (D2), distal extent of the endograft (D3), and 15 mm beyond the distal end of the endograft (D4). Split
screens permitted direct comparison of measurements between CTs at the corresponding levels.
Results: During a 6-year period (2001-2007), 21 patients (mean age, 42.9 years; range, 19-81 years) underwent
endovascular repair of a BTAI, 17 with at least 1 year of follow-up (mean, 2.6 years; range, 1-5.5 years). No patients
required reintervention during this period. The mean rate of dilatation for each level of the thoracic aorta in mm/year
was: D1, 0.74 (95% confidence interval [CI], 0.42-1.06); D2, 0.83 (95% CI, 0.55-1.11); D3, 0.63 (95% CI, 0.37-0.89);
D4, 0.47 (95% CI, 0.27-0.67). The rate of expansion of D2 differed significantly vs D4 (P  .025).
Conclusions: During the first several years of follow-up, the proximal thoracic aorta dilates minimally after endovascular
repair of BTAIs, with the segment just distal to the left subclavian artery expanding at a slightly greater rate. Longer-term
follow-up is necessary to determine whether this expansion continues and becomes clinically significant. ( J Vasc Surg
2010;52:45-8.)Injuries to the proximal descending thoracic aorta sec-
ondary to blunt trauma (BTAI) remain a commonly lethal
injury. In many trauma centers, however, a major paradigm
shift has occurred in the treatment of these injuries toward
the less invasive and physiologically less stressful endovas-
cular form of repair. Several centers, including ours,1-5 have
reported favorable early results with this mode of repair
compared with standard open repair. Recently, several
meta-analyses have summarized the world literature and
the early advantages of endovascular repair that include
lower mortality and stroke rates and minimal risk of the
catastrophic complication of paraplegia.6-9
Despite these impressive short-term outcomes, ques-
tions remain regarding the long-term durability of such
endovascular repairs. Somewhat reassuringly, several au-
thors have reported few adverse clinical sequelae requiring
reintervention after several years of follow-up.10,11 How-
ever, with the trauma population generally being young,
assurances of durability will require decades of clinical and
radiologic surveillance. This follow-up is more intense than
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doi:10.1016/j.jvs.2010.01.094that previously applied to patients after open repair and
provides a unique opportunity to determine the degree of
thoracic aortic dilatation when subjected to the radial force
of an endograft.
Our center’s immediate results after endovascular re-
pair of these injuries has previously been reported.1,2 The
purpose of the present study was to review these patients
after a minimum of 1 year of follow-up. Specific attention
was paid to clinical outcomes and reinterventions and a
review of postoperative imaging, computed tomography
(CT), to determine the degree of thoracic aortic dilatation
in the vicinity of the injury.
METHODS
This study received approval from the University of
Western Ontario’s Research Ethics Board for Health Sci-
ences Research Involving Human Subjects.
The vascular surgery database at our university-
affiliated medical center was reviewed to identify all patients
who had undergone urgent endovascular repair of a blunt
thoracic aortic injury during a recent 6-year period (2001-
2007). The study was limited to patients who survived the
immediate postoperative period and had a minimum of 1
year of postoperative clinical and radiologic follow-up.
Patients underwent nongated CT scans postoperatively
during the initial hospitalization, after 6 months, 1 year,
and then yearly thereafter.
Clinical outcomes, including immediate operative re-
sults, delayed complications, and the need for reinterven-
tion, were determined through review of the database and
patient records.
45
JOURNAL OF VASCULAR SURGERY
July 201046 Forbes et alIn those patients with a minimum of 1-year of follow-
up, the immediate postoperative and the most recent CT
scans were reviewed on a General Electric Advantage
Workstation (General Electric, Waukesha, Wisc). Split
screens permitted direct comparison of diameters at the
same levels of the thoracic aorta. This method has been
described previously.12
Thoracic aortic diameters were measured at four pre-
determined sites: immediately proximal to the left subcla-
vian artery (D1), immediately distal to the left subclavian
artery (D2), at the distal end of the thoracic endograft
(D3), and 15 mm beyond the distal extent of the endograft
(D4). This final site of measurement (D4) is not directly
affected by the radial forces of the endograft, and in non-
stented aortas would be expected to expand at a similar rate
as more proximal segments of the descending thoracic
aorta. This level (D4) acts as an internal control.
The largest outer wall to outer wall diameter was re-
corded at each level. The rate of dilatation was determined
at each position of measurement and those subjected to the
radial force of the endograft, D1-3, were compared with
that beyond the distal extent of the endograft in the de-
scending thoracic aorta (D4).
Summary data are presented as means and their 95%
confidence intervals (CI) with a P  .05 level of statistical
significance. Means were compared using repeated mea-
sures analysis of variance with Tukey multiple comparison
post test with Instat 3.06 software (GraphPad Software,
San Diego, Calif).
RESULTS
Between 2001 and 2007, 21 patients presented to our
center with a BTAI and received immediate endovascular
repair. The immediate outcome measures of these patients
are summarized in Table I. All injuries were successfully
treated, with no endoleaks. A more complete description of
the patients, as well as the preoperative variables and intra-
operative technical details, has previously been reported.1,2
In general, these patients tended to be young (mean age,
42.9 years), and two patients died in the early postoperative
period (9.5% early mortality rate) as a result of multiple
Table I. Summary of results of patients treated for a
blunt traumatic thoracic aortic injury between 2001 and
2007
Variable Outcome
Patients, No. 21
Age, mean (range), y 42.9 (19-81)
Coverage of left subclavian artery, No. (%) 12 (57)
Survival, %
30 d 90.5
1, 3, 5 y 85.7
Paraplegia, No. 0
Stroke, No. 0
Reinterventions, No. 0
Follow-up, mean (range) y 2.6 (1-5.5)injuries. These deaths were not related to the stent graft orthe aortic injury. The analysis excluded two other patients
because they did not have the requisite 1 year of follow-up.
In 57% of patients, deliberate coverage of the subcla-
vian artery was required due to the anatomic location of the
aortic injury. Early in our experience, one patient under-
went carotid-subclavian bypass during the same operation
as the thoracic endovascular repair.
All injuries were treated with a single thoracic en-
dograft: 11 patients received a Talent/Valiant (Medtronic,
Santa Rosa, CA) and 10 received a Zenith TX2 (Cook
Medical, Bloomington, Ind). Preoperative aortic diameters
were 20 to 30 mm, and endograft diameters were 22 to 34
mm. Selection of the endograft was at the discretion of the
treating surgeon and typically included a diameter repre-
senting no more than a 10% over-sizing relative to the
thoracic aortic diameter on a preoperative CT scan.
All patients were treated in an operating room setting
using portable C-arm fluoroscopy and general anesthesia.
Early in our experience, adenosine-induced cardiac asystole
was used to ensure accurate deployment, but in more
recent cases, induction of hypotension has proven suffi-
cient. There were no instances of major procedure-related
morbidity, including paraplegia or stroke, and there was no
need for reintervention in the early postoperative period.
Diameter measurements were performed on those 17
patients who had been monitored for at least 1 year, both
clinically, and radiologically with CT scans. Mean duration
of postoperative surveillance of these 17 patients was 2.6
years (range, 1-5.5 years). No reinterventions or procedur-
ally related morbidity occurred during the surveillance pe-
riod. There were no instances of new-onset hypertension or
other possibly device-related medical conditions. The old-
est patient in this cohort died 6 months postoperatively
from progressive respiratory dysfunction secondary to
pneumonia, resulting in a midterm survival rate of 85.7%
(Table I).
The rate of dilatation observed at several preselected
levels of the proximal descending thoracic aorta is summa-
rized in Table II. The level 15 mm beyond the distal extent
of the endograft (D4) expanded at a rate of 0.47 mm/y
(range, 0.27-0.67 mm/y). This rate of expansion did not
Table II. Aortic dilatation results in 17 patients with 1
year of follow-up
Aortic segment
Growth rate
95% CI
P value
(mm/y) (vs D4)
D1 (proximal to left
subclavian artery) 0.74 0.42-1.06 .07
D2 (distal to left
subclavian artery) 0.83 0.55-1.11 .025
D3 (distal end of
endograft) 0.63 0.37-0.89 .06
D4 (15-mm distal to end
of endograft) 0.47 0.27-0.67 —
CI, Confidence interval; NS, not significant.differ with that of the thoracic aorta proximal to the left
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(D3), which dilated at rates of 0.74 mm/y (range, 0.42-1.06
mm/y) and 0.63 mm/y (range, 0.37-0.89 mm/y), respec-
tively. Expansion rates at D1 did not differ between patients
with and without subclavian artery coverage. The thoracic
aorta immediately distal to the left subclavian artery (D2)
expanded at a rate of 0.83 mm/y (range, 0.55-1.11 mm/y),
which was significantly greater (P  .025) than that of the
aorta immediately beyond the distal extent of the thoracic
endograft (D4).
When the diameters of all postoperative CTs were
reviewed, the D2 expansion rate was linear throughout the
follow-up period, although the number of patients is too
small to determine statistical significance. There were no
instances of endoleak or graft migration during this time
period. Given the relatively small number of patients, there
was no difference in expansion rates when considering
patient age, sex, or type of endograft.
DISCUSSION
Beginning with its initial description,13 endovascular
repair of these traumatic injuries has been regularly docu-
mented and described, at least in regards to its immediate
outcomes. Although no randomized controlled trials exist,
several groups of investigators have compared endovascular
repair with the prior gold standard of open repair with an
historic or contemporary surgical control group.2-4 These
single-center studies consistently displayed a survival ad-
vantage with endovascular repair as well as a reduction in
major perioperative morbidity, including paraplegia. Re-
gardless, follow-up information was often limited.
More recently, a prospective nonrandomized multi-
center study compared 193 patients who underwent urgent
repair of a BTAI (125 with stent grafts and 68 with open
repair).9 Again, endovascular repair resulted in a significant
survival advantage and a statistically insignificant trend
toward a lower risk of paraplegia (0.8% with endovascular
repair and 2.9% after open repair). Of some concern, how-
ever, were the 20% graft-related complication and 14.4%
endoleak rates in the endovascular group. In addition, six
patients with endoleaks eventually required conversion to
open repair.
Complications related to endovascular repair have not
been limited to specific endograft configuration issues. In a
report from Sydney, Australia, 5 of 12 young trauma pa-
tients treated with endografts required treatment for new-
onset hypertension in the early postoperative period.14
Anatomic causes, such as an acquired aortic coarctation,
were excluded. The authors postulated that the radial force
of the endograft interferes with the normal baroreceptor
function in the thoracic aorta and results in a less compliant
aorta. This response was not seen in the present series, but
regardless, surgeons should be aware of its potential in the
follow-up of these patients.
Although such complications can occur, the present
series illustrates that these life-threatening injuries can be
treated with endovascular techniques with minimal mor-
bidity and protection from reinterventions in the first cou-ple of years. Ongoing surveillance is essential, however,
because this method of treatment requires placement of an
endograft, whose long-term material and stent perfor-
mance is unknown, into a hostile and dynamic proximal
thoracic aortic environment. This necessary surveillance is
hindered by a predominantly young mobile trauma popu-
lation that is often less diligent in attending follow-up
appointments than other patient populations.15
After a minimum of 1-year follow-up, we observed an
increased growth rate in the area of the aortic isthmus (D2)
compared with the unstented descending thoracic aorta
distal to the endograft (D4). All four areas dilated to some
extent, as is the natural history of the thoracic aorta, but the
injured segment dilated at a faster rate, at least in the first
year after surgery.
One possible shortcoming of this study is that the true
preoperative aortic diameters before the injury are not
known. The first postoperative CT scan, with endograft in
place, was deliberately chosen as the baseline study because
preoperative scans also reflect any hemodynamic instability
in these multiply injured trauma patients. Differences in
aortic diameters of up to 30% have been documented in
such hypotensive trauma patients between preoperative
CTs and postoperative scans.16 This becomes problematic
because endograft selection based on measurements from a
CT scan in a hypovolemic patient could result in stent graft
under-sizing and poor apposition to the thoracic aorta.
This poor apposition, whether caused by relative over- or
under-sizing of the graft, can lead to stent graft collapse.
Newer approaches to CT imaging of the thoracic aorta,
namely electrocardiography-gated CTs,17 have shown prom-
ising results in more accurate preoperative planning and sizing
of thoracic aortic procedures.
The expected durability of any endovascular aortic
repair depends on the life expectancy of the patient and the
long-term behavior of the aortic segment in question. It has
been well documented that infrarenal aortic dilatation oc-
curs after endovascular aneurysm repair and can result in
graft migration and type I endoleaks.18 Until recently, less
information has been available on the natural history of the
thoracic aorta. In a recent study, 1000 thoracic CTs were
reviewed to examine the natural behavior of the thoracic
aorta with increasing age.19 Between teenagers and octo-
genarians, a 1-cm increase was observed in the mean diam-
eter at the thoracic aortic isthmus. Obviously, if this dilata-
tion, seen in noninjured, nonstented aortas, occurred to
this degree after endovascular repair of a BTAI, there would
be a risk of type I endoleaks, device migration, and collapse.
However, the thoracic aorta subjected to an endograft may
behave differently than the steady dilatation seen in non-
stented thoracic aortas.
It appears that opposing forces are at play when the
thoracic aorta is treated with an endograft. At first glance,
the radial force imparted on the aorta by the endograft
could be expected to increase the rate of dilatation of the
aorta. The degree to which this occurs would be related to
the initial aortic diameter, the degree of endograft over-
sizing, and might be expected to be device specific. The
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to the number of patients.
In opposition to the radial force, the aorta is subjected
to an inflammatory fibrous reaction that has been observed
after endograft placement. Although our group has had no
experience operating on patients with previously placed en-
dografts for BTAI, other surgeons have noted a dense fibrous
reaction at the site of injury that is thought to promote healing
and endograft adherence.19 This is thought to, at least par-
tially, mitigate the aortic expansion forces of the endograft
itself. Some recent animal research would support this.20
When endografts, with 10% over-sizing, were placed in the
proximal descending thoracic aorta of pigs, intimal thick-
ening and medial fibrosis were observed at explantation
after 6 to 15 months. This reaction inhibited the growth of
the stented aorta compared to the proximal and distal
nonstented segments.
CONCLUSIONS
Endovascular repair of BTAI has resulted in major
advances in the treatment of these often-young trauma
patients and has become the preferred method of treatment
at many trauma centers. The early data are robust enough
that attention should be directed to longer-term follow-up.
Most studies, including ours, have reported encouragingly
low rates of reintervention and longer-term complications.
However, in the present study we have observed an increased
rate of dilatation of the injured portion of the thoracic aorta
compared with the nonstented distal aorta. This is likely an
early response to the injury itself, as well as the radial force
of the endograft, and will be mitigated by the fibrous,
healing reaction others have observed after endograft place-
ment.19 Of course, longer-term follow-up, both radio-
graphically and clinically, is necessary before confirming
such conclusions.
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